Introduction
Routine fetal surveillance during labor includes the fetal heart rate -uterine contraction (FHR-UC) tracing and intermittent fetal blood respiratory gas evaluation by the SALING technique [11] . New methods for continuous fetal blood gas monitoring, including continuous pH monitoring [14] and continuous transcutaneous oxygen monitoring [3, 7, 15] have been published, but currently neither method is fully evaluated or, for the time being, suitable for routine application. The technique for continuous transcutaneous carbon dioxide (tcPco2) monitoring has been shown to reliably reflect changes in the arterial Pco2 (aPco2) in newborns [2, 8] and adults [13] , and the correlation between tcPcoi and aPco2 is even higher than for transcutaneous oxygen/arterial oxygen values. Thus the technique for, tcPcoi recording is also of interest for obstetricians, and the first case reports with fetal recordings were presented in 1981 [6] . The current investigation reports on the results with tcPco2 monitoring from the fetal scalp in 25 consecutive vaginal deliveries.
Methods and patients
The electrode was a Stow-Severinghaus electrode, modified by the incorporation of a heating element to arterialize the capillary circulation 1 . Before every recording the electrode was calibrated in 5% and 10% CÜ2, according to the actual barometric pressure. The electrode temperature during calibration and measurement was 44 °C. Before attachment of the electrode the fetal scalp was prepared as described by LÖFGREN [6] . A drop of a diffusion jelly was interposed between the skin and the electrode membrane and the electrode was affixed with a glue 2 . The electrode was attached to the fetal scalp in 25 consecutive vaginal deliveries. All pregnancies had been normal, and no complication of labor was expected. The FHR was simultaneously recorded using an ordinary scalp electrode. At delivery the umbilical cord was clamped and umbilical cord blood was analyzed for Pco2 3 .
Results
The mean cervical dilatation at attachment of the electrode was 6.5 cm (range 5 -10), and the mean recording time was 136 minutes (range 10 -348, table I). No burns were produced by the electrode temperature of 44 °C. Six patients were measured only in the second stage of labor. In 6 of 25 patients, the electrode fell of or was deliberately removed when the fetal head was on the pelvic floor, while 8 of 25 patients were delivered with the electrode in situ. In 11 patients the electrode was removed just befors delivery of the fetal head. In 15 patients it was possible to obtain both a tcPcoi value just before delivery and an umbilical cord blood sample before the first breath. In these 15 patients, there was a statistically highly significant correlation between tcPcoi and umbilical artery Pco 2 (r = 0.91; n = 12; figure 1.). The correlation between tcPcoi and Pcoi of umbilical venous blood was lower (r = 0.58; n = 15; 7-12, 20-15, 24-19). In only 3 of seven patients with FHR -UC abnormalities (one with tachycardia of 160 bpm) the tcPcoi level exeeded 80 torr. A tcPcoi of 122 and 100 torr respectively was seen in two patients with normal FHR-UC tracings.
Eight fetuses were delivered with the electrode in situ. In seven of these the electrode was sufficiently attached for 20 minutes or more with a stable tcPco2 level (figure 4). The mean tcPcoi values in the newborns after 20 minutes was 51 torr (SD = 7.6). In 6 of 8 patients tcPco2 decreased post partum, while in two newborns the level increased. The mothers of these two newborns were observed to hyperventilate vigorously during delivery.
One fetus ( figure 5 ). During the last ten minutes, and after a further increase of tcPco2, suddenly there were variable decelerations and bradycardia, the fetal heart rate oscillated between 70 and 100 bpm. A forceps delivery was planned but not performed as the child was spontaneously delivered with the electrode in situ.
The tcPco2 level at delivery was 160 torr and started to decline immediately after the first breath. As the child cried vigorously no ventila- tion was performed and the tcPco2 level was stable at 50 torr after 22 minutes (figure 4). A Pco2 of the umbilical arterial and venous blood was 88 and 45 torr respectively and the pH was 7.03 and 7.23 respectively. The Apgar score at 1 minute was 9.
Another child (no. 6, table I) demonstrated severe bradycardia (60 bpm for 5 minutes) but a "normal" tcPcoi level when the fetal head was just above the pelvic floor. Because of the FHR -UC pattern, an episiotomy was performed, and the child was spontaneously delivered. The tcPco2 level was 65 torr with corresponding Pco2 levels of the umbilical arterial and venous blood of 50 and 35 torr respectively.
Discussion
From reports on transcutaneous oxygen monitoring is known that the relation between transcutaneous and arterial blood gas levels may vary among patients [9] . Thus, only the correlation obtained from different values in the same patient at the same measurement occasion should be justified as a measure of the relationship between arterial and transcutaneous values. From transcutaneous carbon dioxide measurements in neonatal intensive care units it is known that there is a rather constant relationship between tcPco2 and aPco2 and also among different patients [8] . This also seems to be true in fetal measurements as there was a statistically significant correlation between tcPco2 and Pco2 umbilical blood in this study. At least this was true for the correlation between tcPco2 and Pco2 of the umbilical arterial blood. As the study was performed in a consecutive manner with "normal" patients, the two "occasional" high values might have a proportionately greater influence on the correlation coefficient and also on the slope of the regression line.
The attachment of the electrode was very adequate with Histoacryl® and it was possible to measure tcPco2 in 19 of 25 patients until delivery of the fetal head. In a few of these patients, the electrode was deliberately removed because of possible risk for laceration of the vaginal introitus, while some electrodes were disattached by the wire working as a lever. No burns were produced from the electrode temperature of 44 °C. It has been shown [8] that, with the current electrode, it is possible to measure tcPco2 also at 37 °C but such measurements were not performed in this present study.
In eight fetuses the application of the electrode in the middle of the presenting vertex, made delivery possible with the electrode in situ. Thus the change of tcPco2 could be recorded when the fetuses changed from placental to lung breathing. In 6 of 8 fetuses the postpartum tcPco2 level decreased as compared to the antepartum level, while in 2 of 8 fetuses the level seemed to increase. The two mothers of these children were observed to hyperventilate vigorously during delivery.
Thus maternal hyperventilation may reduce fetal Pco2 resulting in neonatal hypoventilation immediately after birth. This should be considered in discussions concerning the maternal breathing pattern during labor.
The mean tcPco2 during the late second stage of labor (61 torr; n = 7) was higher than the mean tcPco2 20 minutes post partum (51 torr; n = 7), which to some extent contradicts previous findings postulating that maximal neonatal hypercapnea is caused during the first minutes of life [1] . tcPco2 levels in all seven newborns recorded more than 25 minutes post partum were stable within 20 minutes which is a little longer than the stabilization time reported by ENGSTRÖM et al. [1] .
With the present electrode used in neonatal intensive care units, it has been shown that tcPco2 is 1.3 aPcoi [2, 8] . In the current study this was true for fetal umbilical arterial blood while the corresponding factor for umbilical venous blood was 1.7.
The mean Pcoi of umbilical arterial venous blood in the current study does not differ considerably from those reported in the literature [4, 5] . However, the range of tcPcoi recordings include both rather high and low levels, some levels being even lower than levels published for umbilical vein blood. In the two patients with extremely low antepartum tcPcoi levels (table I, pat. no. 3 and 22) the postpartum level increased to 60 torr after about 20 minutes. Both mothers were observed to breath vigorously as reported above.
It has been proposed by KOCH et al. [5] that the composition of umbilical cord blood at delivery does not reflect basal condition in utero but the disturbance of fetal blood gas exchanged during labor. The findings in the current study indicates that at least blood gases of the umbilical venous blood during certain circumstances may be questioned as representative for the fetal blood gas status at delivery.
In patients with a uteroplacental insufficiency from hypertonic contractions, Pco2 in the umbilical vein blood is probably representative of the blood delivered to the fetus, while, in a fetus with umbilical cord compression this may not be the case. An umbilical cord compression may thus start with a selective compression of the umbilical vein. If, at delivery, the compression is released, releasing an umbilical loop from around the fetal neck, arterialized blood is immediately pumped into the fetus with the next heart beat and umbilical vein samples obtained at delivery does then not reflect the fetal blood gases. Blood gases from the umbilical vein should thus not be used to describe the fetal blood gas situation in cases of suspected umbilical cord compression. The "tonsure effect" suggested by O'CONNOR and HYTTEN [10] as a cause of low transcutaneous oxygen levels, has not been evaluated for tcPco2 but is probably of minor importance. If, however, the tcPco2 is pressed to the fetal scalp by the vaginal walls, the decrease of the capillary circulations results in an increase of the tcPco2 level. For the same reason, attention should be given not to attach the tcPco2 electrode to a caput succedaneum. As has been pointed out for tcPo2 [6] cutaneous vasoconstriction may also influence the tcPco2 value. One fetus, with an initially normal FHR-UC but with an extremely high tcPco2 level, after a further increase of tcPco2 suddenly demonstrated a bradycardia. The child was acidotic at delivery but had a normal Apgar score. It seems obvious that the child was hypercapneic before the onset of bradycardia (table I, pat. no. 18, figures 4 and 5). Another child, recorded both before and after delivery showed a tcPco2 level of about 100 torr at delivery while the FHR-UC tracing only showed a tachycardia (160 bpm), (table I, pat. no. 7). This child was also acidotic at delivery but had a normal Apgar score. In both children, the acidosis was of the respiratory type, and in both newborns there was an increase of the tcPco2 level before the appearance of FHR-UC changes. In a third patient (table I, pat. no. 6) the tcPco2 level was stable at 65 torr in spite of severe bradycardia some minutes before delivery. Fetal blood gases were normal as was the Apgar score. These cases reported indicate that both Apgar score and FHR-UC tracing are rather crude methods to judge the fetal blood gas status.
If a vaginal examination shows that the tcPco2 electrode is neither pressed against the vaginal walls, nor attached on a caput succedaneum, the tcPco2 measurement seem to reliably reflect true changes of blood Pco2 and an increase of fetal tcPco2 is then an early indication of fetal hypercapnea.
Although this method to study fetal blood gas changes and blood gas during the pulmonary adaptation period seems very reliable, for the time being it does not replace any other fetal surveillance method available. Further development of the technique and possibilities to construct an electrode for simultaneous CCh and Ü2 monitoring [12] , makes transcutaneous blood gas monitoring a potential tool for fetal routine surveillance during labor.
Summary
An electrode for continuous transcutaneous carbon dioxide (tcPco2) monitoring was attached to the fetal scalp in 25 consecutive vaginal deliveries. In six patients the electrode fell off or was deliberately removed when the fetal head was on the pelvic floor, while eight patients were delivered with the electrode in situ, making it possible to study changes in the fetal carbon dioxide level when the fetus changed from placental to lung breathing. The mean recording 'time was 136 minutes (range 10 -348). Fifteen patients were recorded until delivery and analysis of cord blood showed a statistically highly significant correlation between tcPco2 in both umbilical venous and arterial blood. The mean fetal tcPco2 during the late first stage of labor was 56 torr (range 40-75; = 18). The post partum tcPco2 level in newborns was stabel 20 minutes after delivery with a mean level of 51 torr (range 40 -60). Fetuses with a normal fetal heart rate tracing showed a lower mean tcPco2 level than fetuses with fetal heart rate tracing abnormalities. The experience with the current technique indicates that both Apgar score and fetal heart rate tracing are rather crude methods to judge fetal blood gas status.
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